Purpose Germline mutations in BRCA1 and/or BRCA2 genes (gBRCA1/2m) are associated with an increased risk of breast cancer (BC) and ovarian cancer (OC). The aim of this study was to estimate the efficiency of providing germline BRCA1/2 testing to high-grade epithelial ovarian cancer (HGEOC) patients without family history of OC or BC and the subsequent testing and management of their relatives with gBRCA1/2m in Spain. Methods/patients Incident HGEOC patients without family history of OC or BC who were gBRCA1/2m carriers and their relatives were simulated in a 50-year time horizon. The study compared two scenarios: BRCA1/2 testing vs no testing, using the perspective of the Spanish National Health Service. Cancer risk among gBRCA1/2m carriers was estimated based on their age and whether they had undergone risk-reducing surgeries. Direct healthcare costs and utilities of patients who developed EOC and BC were also included. A probabilistic sensitivity analysis (PSA) with 5 thousand simulations was developed considering ± 25% of the base-case value. Results The BRCA1/2-testing scenario amounted to €13,437,897.43 while the no-testing scenario amounted to €12,053,291.17. It was estimated that the screening test improved the quality of life among the patients' relatives by 43.8 quality-adjusted life years (QALYs). The incremental cost-utility ratio (ICUR) was €31,621.33/QALY in the base case. The PSA showed that 89.12% of the simulations were below the €50,000/QALY threshold. Conclusion Providing this screening test to HGEOC patients and their relatives is cost-effective and it allows one to identify a target population with high risk of cancer to provide effective prevention strategies.
Introduction
Ovarian cancer (OC) is the fifth most frequent cancer among women in Spain [1] . In 2017, a total of 3412 new cases of OC were diagnosed [2] , most of them with epithelial origin (EOC) (87.3%). Recent research has shown that 71.3% of the patients suffer high-grade EOC (HGEOC), which grows steadily and is diagnosed at advanced stages (III and IV) [3] . Like breast cancer (BC), OC is related to germline mutations in BRCA1 and/or BRCA2 genes (gBRCA1/2m) [4, 5] . The average cumulative risks by the age of 70 for BRCA1-mutation carriers were 60% for BC and 59% for OC, while the corresponding risks for BRCA2-mutation carriers were 55% for BC and 16% for OC [6] .
In 2011, the Spanish Society of Medical Oncology (SEOM) guidelines established the eligibility criteria to offer genetic testing to gBRCA1/2m carriers with hereditary cancer. Genetic testing should be offered to OC patients, taking into account age at diagnosis, family history of BC and/or OC, and diagnosis of BC in male relatives [7] . However, Alsop et al. [8] showed that 74.8% of patients with HGEOC had no family history of BC/OC and that 8.3% of patients without family history were gBRCA1/2m carriers. Those results are in accordance with the recently updated guideline (SEOM 2015) , which establishes that all patients with non-mucinous HGEOC should be offered germline BRCA1/2 testing, regardless of family history of OC or BC [9] .
Being identified and informed of gBRCA1/2m status of BC or OC patients and their relatives allow one to develop cancer-prevention strategies in a target population with high risk of cancer [7, 9] . Risk-reducing surgeries such as bilateral salpingo-oophorectomy (BSO) and/or bilateral mastectomy (BM) are the most effective methods to reduce the risk of developing BC and/or EOC [10] . In BRCA1-mutation and BRCA2-mutation carriers, BSO decreased the risk of developing BC in 49% and 61%, respectively, and the risk of developing EOC in 84% and 88%, respectively. Likewise, BM reduced the risk of developing BC in 90% and 91% of the patients, respectively, and both surgeries reduced the risk of BC in 95% of the patients [11] .
According to SEOM 2015 guidelines, it was recommended to extend the population to provide germline BRCA1/2 testing to those patients with no family history of OC or BC. Therefore, the aim of this study was to estimate the efficiency of providing this screening test to non-mucinous HGEOC patients without family history of OC or BC and the subsequent testing and management of their relatives with gBRCA1/2m in Spain.
Materials and methods
An individual-level simulation with annual cycles was originally developed for the United Kingdom and was adapted to the Spanish health care setting, using Microsoft Excel ® [11] . The perspective was that of the Spanish National Health Service and the time horizon was 50 years. The simulation results were costs and quality-adjusted life years (QALYs), and the incremental cost-utility ratio (ICUR) was estimated.
Data sources
Epidemiology data, survival rates, cancer risks, healthcare resources use and utilities were obtained from a literature review, including national and international references (the latter were used whenever national data were not available). Databases consulted were Medline/Pubmed, Embase, Medes, American Economic Association's Electronic Bibliography (EconLit) and other official databases. All extracted data were contrasted and validated by a multidisciplinary expert group. The methodology consisted in one individual online survey, an in-person meeting, and a meeting conducted via telephone to reach final consensus. The expert group was composed of three oncologists: one specialised in OC, one accredited by SEOM to provide genetic counselling for hereditary cancer and one specialised in radiation oncology in charge of the oncology plan in Andalusia region in Spain.
Population
The simulation was initiated with incident non-mucinous HGEOC patients without family history of OC or BC (initial population). It was considered that the average age at the diagnosis of those patients is 51 ± 5 years [12] . After undertaking germline BRCA1/2 testing, those patients who were gBRCA1/2m carriers (index population) were simulated, along with their first-degree relatives. When first-degree relatives had gBRCA1/2m, second-degree relatives were also included (Fig. 1, Tables 1, 2 ). Patients and relatives with gBRCA1/2m transitioned to various health states (no cancer, EOC, BC, EOC and BC, and death) at the beginning of every annual cycle.
Risk of developing BC or EOC
As this is an individual-level simulation, it takes into account the previous events of each patient. Cancer risk among gBRCA1/2m carriers was estimated based on their age and whether they had undergone risk-reducing surgery (RRS). It was considered that 65% and 25% of gBRCA1/2m carriers accepted to go through BSO and BM, respectively [13] . The risk of developing EOC and/or BC among the gBRCA1/2m carriers that underwent RRS is shown (Table 1, Online Resources). When an individual developed cancer, the risk of developing a secondary cancer (BC or OC) was also estimated.
Each year, the simulation determined whether the simulated population died because of BC or OC until they reached their age of all-cause mortality. The 5-year survival rates of BC and OC by age have been previously studied ( Table 1 , Online Resources) [14] ; whenever a secondary cancer appeared, a new mortality rate was used. The all-cause mortality rates were those of the Spanish general population [15] .
Resource use
Healthcare resources use was that recommended in the SEOM 2015 guideline [9] , according to the following scenarios:
1. BRCA1/2-testing scenario includes genetic counselling (one visit and a germline BRCA1/2 test), RRS, surveillance (one annual magnetic resonance imaging (MRI) and one annual mammography, along with one biannual transvaginal ultrasound and one biannual CA125 test), cancer management and palliative care. 2. No-testing scenario includes cancer management for the index population and their relatives that developed BC and/or EOC and palliative care.
Cancer management included treatment, hospitalisations, emergency visits and follow-up tests.
The simulation considered that the genetic counselling and CA125 tests were provided to the initial population and index population's relatives. Moreover, as 10% of gBRCA1/2m are due to large gene rearrangements, a large rearrangement analysis was also taken into account for 10% of the initial population and 10% of their relatives [16] .
When an individual developed cancer, treatment costs were considered and the risk of developing a secondary cancer (BC/OC) was assigned. It was assumed that female relatives who went through a preventive BM but developed BC would not have undergone surgery as a part of their cancer management. However, surgical therapy was considered for those women who developed EOC, even though they had undergone BSO.
Palliative care was given to EOC and BC patients in their last 48 days [17] and 43 days [18] , respectively. It was assumed that up to 93.3% of the patients would receive follow-up care at outpatient hospitals by a nurse, while the remaining (6.7%) would be attended by palliative home care services [19] . In both cases, patients would need an average of 0.15 follow-up visits. Patients would also need 0.07 visits to the primary care physician [17] . Up to 40.4% of the cancer patients would spend their last days at the hospital (on an average of 15.16 days for EOC patients and 13.35 days for BC patients) [20, 21] . The remaining (59.6%) would spend their last 3 days at home [22] , where they would be visited twice a day by a nurse, and 14% would receive sedation [22, 23] . The simulation also included palliative care received by individuals that do not die because of BC and/or EOC. It was assumed that palliative care is given to those patients in their last 3 days and that they use the same resources than BC and/or EOC patients.
Costs
Costs were expressed in 2017 Euros (Table 2 , Online Resources). Unit costs of germline BRCA1/2 testing, genetic counselling, CA125 test, and most of the surgeries were imputed in the model as the median values of these unit costs for all autonomous communities in Spain [24] and were applied in the year when they occurred. Costs of BM and hospitalizations were collected from the database of the Ministry of Health, Social services and Equality (CIE9MC) [20] . Since the original costs came from different sources, they were updated using the Consumer 
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Price Index for medical care in the case of direct healthcare costs (except for pharmaceutical costs and tariffs from autonomous communities already updated) [15] . Future costs were discounted at an annual rate of 3%, according to Spanish health technology assessment recommendations [25] . The cost of EOC management was previously estimated in the Ovarcost study. The average annual cost per patient was €17,067 and €15,042 with and without surgical therapy, respectively [26] . As the survival rate for BC is higher than the one registered among EOC patients, the simulation applied the cost of BC management in the first year after the diagnosis [11] . The cost of BC treatment [chemotherapy, radiology, hormone therapy (anastrozol) and surgery] was estimated based on the patient distribution [27] and the cost per patient by stage at diagnosis [28] . The simulation also took into account the hormone therapy for BC patients who had undergone BSO during 5 years. Other direct healthcare costs were estimated based on Luengo et al. [29] . Study [11, 30] (Table 3 , Online Resources). The average annual cost per patient of BC management was estimated to be in €27,249.51 and €23,337.60 with and without surgical therapy, respectively (Table 3 , Online Resources).
Palliative care costs were applied in the year of the patient's death, and were €3648.39 per EOC patient and €3522.13 per BC patient. The average cost of all-cause palliative care was €274.42 per patient.
Utilities
The simulation included the utilities of the healthy relatives and those who developed EOC and BC. It was assumed that, after a cancer diagnosis, health state utility worsened in the following years until year 6; afterwards, health state utility remained constant [31] [32] [33] [34] . When patients developed a secondary cancer, utility values were multiplied. The impact of RRS on health state utility of the study population was applied in the year the surgery occurred [35] [36] [37] (Table 4 , Online Resources).
Sensitivity analysis
A one-way sensitivity analysis was carried out to examine the simulation's robustness in which the most relevant parameters. A probabilistic sensitivity analysis (PSA) was also conducted, including five thousand simulations of the cohort. Most parameters were independently varied by either a 95% confidence interval (CI) or by clinical expert opinion; when no estimates were available, values were varied by ± 25% of the corresponding base-case value (Table 5 , Online Resources).
Results
The study population included 130 women with gBRCA1/2m (index population), and 104 first-degree and 19 second-degree relatives (71 gBRCA1m carriers and 52 gBRCA2m carriers). Our results showed that providing germline BRCA1/2 testing for 50 years would decrease the number of EOC cases from 8 to 6 and BC cases from 20 to 7. Besides, the number of deaths due to those cancers would decrease from 88 to 83. Therefore, germline BRCA1/2 testing improves disease-free survival in those cancers. Table 3 shows the costs in both scenarios. As BRCA1/2-testing scenario included the cost of genetic counselling, RRS, and surveillance, it was costlier than the no-testing scenario. However, the costs associated with the cancer management of patients' relatives were lower in the BRCA1/2-testing scenario compared to the no-testing scenario. The difference between both scenarios was €781,813.20 among patients and €602,793.06 for patients' relatives.
The global cost of providing germline BRCA1/2 testing over 50 years to HGEOC patients without family history of EOC and BC were estimated in €13,437,897.43, while the no-testing scenario accounted for €12,053,291.17. As a result, the difference between both scenarios was €1,384,606.26 (Table 3) .
The simulation estimated 2107.8 QALYs in the BRCA1/2-testing scenario and 2064 QALYs in the no-testing scenario. We concluded that the screening test resulted in an increase in patients' relatives' QALYs by 43.8. Therefore, the ICUR associated with the introduction of this germline BRCA1/2 testing was €31,621.33/QALY (Table 3) .
Sensitivity analysis
The results of the one-way deterministic analysis are shown in Table 4 . As can be seen, the results vary from €14,692.37 to €37,596.55. The PSA showed that all simulations were in the upper-right quadrant of the cost-effectiveness plane. The ICUR ranged from €17,366.59/QALY to €291,254.29/ QALY. The resulting cost-effectiveness plane is shown in Fig. 2a . The willingness-to-pay curve is shown in Fig. 2b .
Discussion
This study estimates the cost-utility of providing germline BRCA1/2 testing in HGEOC patients without family history of OC or BC. This knowledge allows identifying their BRCA1/2-positive relatives, to offer them strategies for cancer prevention. Our results showed that providing germline BRCA1/2 testing over 50 years to those patients and their relatives amounted to €13,437,897.43, while the notesting scenario accounted for €12,053,291.17 (difference €1,384,606.26); the ICUR associated with the germline BRCA1/2 testing is €31,621.33/QALY.
Although there is no established cost-utility threshold for screening tests in Spain, several thresholds have been applied in other European studies. In Belgium, Pil, et al. [38] used a €35,000/QALY threshold, while D'Andrea et al. [39] and Areia et al. [40] set a threshold of €37,000/QALY in Italy and Portugal, respectively. However, Neuman et al. [41] and Naber et al. [42] considered a higher cost-utility threshold (€50,000/QALY). According to the cost-utility thresholds used in these studies, providing a germline BRCA1/2 testing to HGEOC patients without family history of OC or BC and their gBRCA1/2m-positive relatives is cost-effective in Spain. Our results of the one-way sensitivity analyses were not substantially different from the base case, and most of them were below the €37,000/QALY threshold. Besides, our PSA showed that 52.52% of our simulations fell below the €35,000/QALY threshold, 60.56% were below the €37,000/QALY threshold, and 89.12% were below the €50,000/QALY threshold [38] [39] [40] [41] [42] . Cost-utility studies about providing RRS to gBRCA1/2m carriers have been previously analyzed in other countries. Müller et al. evaluated the cost-effectiveness of providing BM and BSO to women who were gBRCA1/2m carriers in Germany. Their results showed that providing both RRS at age 30 is more cost-effective (€1662.94/QALY) than offering BM and BSO at age 40 (€1782.99/QALY). Both RRS at age 30 are also more cost-effective than providing each of the surgeries alone (€2082.70/QALY for BSO and €2292.99/QALY for BM) or providing the surveillance strategy (€3040.11/QALY) [43] . However, our results include the resources of identifying a target population with high risk of cancer, as well as the cancer management of the gBRCA1/2m carriers (despite having undergone RRS) during 50 years; hence, they cannot be directly compared. In line with our study, Eccleston et al. [11] showed that the ICUR of providing germline BRCA1/2 testing to EOC patients and their relatives, along with the subsequent management of the relatives with gBRCA1/2m, was £4339/ QALY in UK. Although our research followed the same methodology developed by Eccleston et al., we considered a different study population and higher screening and surveillance tests, according to the Spanish guidelines [7, 9] ; therefore, our results cannot be directly compared.
Our study has limitations. First, due to the lack of information on epidemiology variables, genetic testing, and BC and EOC management in Spain, data related to other countries had to be included in the simulation. Second, the simulation considered the cost of BC management only in the first year after the diagnosis. However, as BC may last several years, including the costs from the following years would imply an increase in global costs, which would decrease the final ICUR. Third, the adverse events due to the cancer treatment have not been considered in the simulation; including the cost of the adverse events management would decrease the global cost of the cancer treatment, which would reduce the final ratio. Four, due to the lack of utility values in patients with EOC and/or BC in Spain, we assumed those of the UK population. Since all these limitations may have an impact on our results, the base-case values were varied in the one-way sensitivity analyses and the PSA and the corresponding results were compared to the cost-utility threshold (Table 5 , Online Resources).Despite these limitations, the main contribution of this study is the economic evaluation of a screening test provided to a well-defined population. From our knowledge, this is the first study that evaluates the cost-utility of providing germline BRCA testing to HGEOC patients without family history of OC or BC and their relatives. Genetic testing to HGEOC patients allows registering patients with hereditary cancer that may transmit gBRCA1/2m to their descendants, and, therefore, may be useful for designing effective public health programmes against cancer to the target population. As was shown in the Ovarcost study, investing in techniques for early diagnosis may imply higher survival rates and a substantial reduction in the economic burden of cancer, due to possible cost savings at advanced disease stages [26] . It is worth noting that if all gBRCA1/2m carriers accepted to undergo RRS, the number of BC and EOC patients would be decreased and that the ICUR of the germline BRCA1/2 testing would be lower than our base-case result (€31,621.33/QALY). It should also be noted that the simulation did not consider other benefits that germline BRCA1/2 testing may have on patients, such as providing information on the most appropriate therapy choice [9] . Besides, healthy gBRCA1/2m carriers who choose not to undergo RRS would still receive surveillance visits and tests that may imply higher benefits like earlier diagnosis of cancer, which may turn out in higher overall and disease-free survival rates [9, 26] .
Conclusions
Our results showed that the germline BRCA1/2 testing in HGEOC patients without family history and their relatives is cost-effective, according to the European thresholds commonly used (€35,000-€50,000/QALY), with an ICUR of €31,621.33/QALY. The simulation results showed that providing germline BRCA1/2 testing to those patients and their relatives allows one to identify a target population with high risk of cancer, to provide effective prevention strategies. Besides, the decrease in the number of patients diagnosed with BC and EOC would shorten management costs, and reduce mortality rates of those cancers. In conclusion, investment in screening techniques would improve the disease-free survival rates of those patients. Early diagnosis techniques are able to reduce the burden of cancer, as they decrease the costs of the therapeutics and improve the quality of life of patients.
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